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Biological approximation:
Two surfaces
1st surface from topographical data
2nd surf. Pachymetry and mathematical mnodeling
Transition effects from the cornea to  the 
anterior chamber is negligible.
Equivalent approximation:
One only surface 
1st surface from topographical data
2nd surface and transition is accounted through an 
equivalent refractive index:
Corneal transmittance evaluation through different numerical and
geometrical approximations
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ABSTRACT 
Corneal analysis is usually done under two main considerations. First one consists of 
ignoring the second surface of the element, thus considering the cornea as a single 
diopter which isolates water from an aqueous medium with an equivalent 
keratometric index. Second approach consists of considering exact ray tracing and 
obtaining dot impact maps. Alternatively, differences of optical paths are measured 
over ray trajectories and thus the transmittance function is calculated. Main 
problems that may produce such approximations are that the second corneal 
surface is not taken into account, thus the model has not biological correspondence. 
From the second approach, ray distribution at the output plane is not uniformly 
sampled and rearrangement of emerging rays is needed.
In this work we analyze the validity of both approximations by comparing those 
models with a realistic cornea. We propose a solution to overcome resampling at 
the output plane. We also propose several approximations over the optical path 
evaluation that may simplify calculation complexity. We will show that minimizing 
absolute differences in the optical path evaluation is not a good metrics to obtaining 
the best fitting corneal model. 
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  Simplified method Optical path differences due to
thicknnes of the element.
Advantages
 Valid for paraxial and thin elements
 I/O Uniform sampling 
 Efficient numerical implementation 
Disadvantages
 Ignores ray deflexion
 Overestimates focal length
 Fails in predicting spherical aberration
Exact method Analytic ray tracing 
Advantages
 Exact value of optical path differences
Disadvantages
 Output non-uniformly sampled
 Resampling needed for Fresnel propagation
 Non-efficient algorithms
Corrected method Exact optical path along
wavefront
Advantages
 I/O Uniform sampling
 Accounts for rays deflexion
 Efficient algorithms
Disadvantages
 Non exact method
METHODS
RESULTS 
We have selected a two-surfaces geometry with an exact ray tracing for calculating reference values 
of Optical Path Differences.
Analysis of the Strehl ration evolution with distance, shows that the simplified method overestimates 
the focal length of the element. 
The simplified method is not affected by the entrance pupil radii. Thus convergence is not affected 
by the aperture.
Both explained effects  happen because no deflexion is considered. 
We also show the higher orders Zernike coefficients of the optical path. Notice that  simplified 
method with one or two surfaces geometry fails in describing the surface. 
Notice that corrected method provides good results in both geometries. In any case, two surfaces 
geometry gives more accurate results than the one-surface approximation.
It is also noticeable that calculation time needed for performing exact calculations is much larger 
than the time required by simplified and corrected methods. Moreover, corrected method provides 
accurate results with reasonable time requirements that are not much larger than those required by 
the simplified one.
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